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57] ABSTRACT

In an apparatus for supplying a fuel to a vehicular combus-
tion heater which supplies the fuel from a fuel tank via a fuel
pump to the heater which 1s mounted on an electric vehicle,
discharging into atmosphere of fuel vapor from the fuel tank
1s restricted to the best extent possible. For that purpose,
prevention 1s made of that discharging from the combustion
heater of the fuel vapor which 1s likely to occur when the set
pressure for opening a positive pressure valve 1n a two-way
valve for the fuel tank 1s set high. Interposed in series
between the fuel pump and the combustion heater 1s a
one-way valve which opens when the internal pressure in the
fuel supply passage has risen to a predetermined set pressure
which 1s higher than the set pressure for opening the positive
pressure valve, and a solenoid valve which 1s opened when
the combustion heater 1s 1n operation. The solenoid valve 1s
arranged such that the leak pressure to cause the fuel to leak
through the solenoid valve at the time when the solenoid
valve 1s kept closed 1s higher than the set pressure for
opening the one-way valve.

1 Claim, 2 Drawing Sheets
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APPARATUS FOR SUPPLYING FUEL TO
VEHICULAR COMBUSTION HEATER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for supply-
ing a fuel to a combustion type of vehicular heater
(hereimnafter called a vehicular combustion heater). The
apparatus 1s mounted mainly on an electric vehicle for the
purpose of heating the cabin of the vehicle.

2. Description of the Related Art

A vehicular combustion heater which 1s mounted on a
vehicle 1s supplied with a fuel from a fuel tank via a fuel
pump. In order to protect the fuel tank, there 1s interposed a
two-way valve 1n a vent passage which 1s connected to the
fuel tank and which 1s also open to the atmosphere. This
two-way valve has a positive pressure valve which opens
when an internal pressure 1n the fuel tank has reached a
positive pressure above a predetermined value, and a nega-
five pressure valve which opens when the internal pressure
in the fuel tank has reached a negative pressure exceeding
(i.e., lower than) a predetermined value.

The electric vehicle has an object of preventing the
atmosphere from being polluted. Therefore, in order to
minimize the discharging of the fuel vapor from the fuel tank
into the atmosphere to the best extent possible, 1t 1s required
fo set a set pressure of opening the above-described positive
pressure valve at a high value.

However, 1f the set pressure to open the positive pressure
valve 1s made high, the fuel 1s pushed by the internal
pressure of the fuel tank when the vehicular combustion
heater 1s not 1n use. Consequently, the fuel leaks out of the
fuel pump into the vehicular combustion heater. The fuel
vapor 1s then discharged into the atmosphere from the
vehicular combustion heater. More particularly, when the
vehicle 1s inclined on a slope or the like whereby a rollover
valve 1 a vent passage which 1s provided 1n the fuel tank and
which 1s open to the atmosphere 1s blocked, the fuel 1s likely
to flow 1nto the vehicular combustion heater due to a syphon
clfect. As a result, the amount of discharge of the fuel vapor
into the atmosphere increases.

In view of the above points, the present invention has an
object of providing an apparatus for supplying a fuel to a
vehicular combustion heater in which the discharging of the
fuel vapor from the vehicular combustion heater into the
atmosphere 1s minimized to the best extent possible.

SUMMARY OF THE INVENTION

In order to attain the above and other objects, the present
invention 1s an apparatus for supplying a fuel to a vehicular
combustion heater which supplies the fuel from a fuel tank
via a fuel pump to the heater which 1s mounted on a vehicle.
The apparatus includes a two-way valve which comprises: a
positive pressure valve which opens when an internal pres-
sure of the fuel tank becomes a positive pressure above a
predetermined value; and a negative pressure valve which
opens when the mternal pressure of the fuel tank becomes a
negative pressure exceeding a predetermined value. The
positive pressure valve and the negative pressure valve are
interposed 1n a passage which 1s connected to the fuel tank
and which opens to the atmosphere. In a fuel supply passage
between the fuel pump and the vehicular combustion heater,
there are disposed in series: a one-way valve which opens
when the mternal pressure 1n the fuel supply passage rises to
a predetermined set pressure which 1s higher than the set
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pressure for opening the positive pressure valve; and a
solenoid valve which 1s opened when the vehicular com-
bustion heater 1s in operation. The solenoid valve 1s arranged
such that a leak pressure, which causes the fuel to leak when
the solenoid valve 1s kept closed, 1s higher than the set
pressure for opening the one-way valve.

According to the present invention, since the solenoid
valve 1s closed when the vehicular combustion heater 1s not
in use, the fuel will not flow into the vehicular combustion
heater even if the internal pressure of the fuel tank rises to
the set pressure for opening the positive pressure valve.
Moreover, even 1f the internal pressure of the fuel supply
passage exceeds the set pressure for opening the positive
pressure valve due to a syphon effect by the inclination of
the vehicle. Further, even if the solenoid valve 1s locked to
the open condition by the inclusion of a foreign matter into
the solenoid valve, the fuel flow to the vehicular combustion
heater 1s blocked by the one-way valve at such an internal
pressure 1n the fuel tank as is 1n the order of the set pressure
for opening the positive pressure valve. This arrangement
can therefore operate to secure a fail-safe function.

Therefore, even if the set pressure for opening the positive
pressure valve 1s made high in order to restrict the discharg-
ing of the fuel vapor from the fuel tank, little or no
discharging of the fuel vapor occurs from the vehicular
combustion heater. The present mvention can thus effec-
fively contribute 1n the prevention of the atmosphere from
being polluted by the fuel vapor.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and the attendant advantages
of the present mvention will become readily apparent by
reference to the following detailed description when con-
sidered 1n conjunction with the accompanying drawings
wherein:

FIG. 1 1s a system diagram showing one example of the
apparatus of the present invention; and

FIG. 2 1s a sectional view of a solenoid valve.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

With reference to FIG. 1, reference numeral 1 denotes a
vehicular combustion heater which 1s mounted on an electric
vehicle. The air which 1s sucked from an air intake pipe 3 by
an air motor 2 1s used as combustion air for combustion of
a fuel 1 a heat exchanger inside the heater 1. After heating,
the air inside a compartment of the vehicle, the exhaust gas
1s discharged from an exhaust pipe 4.

The vehicular combustion heater 1 1s supplied with the
fuel from a fuel tank § via a fuel pump 6. To an upper portion
of the fuel tank 5, there are connected a fuel supply pipe 7
which 1s provided at 1ts upper end with a cap 7a, and a vent
passage 8 whose downstream end 1s open to the atmosphere
inside a vehicle body frame. There 1s further provided a
rollover valve 9 which prevents the fuel from flowing out of
the fuel tank into the vent passage 8 when the vehicle has
turned upside down.

Interposed 1n the vent passage 8 1s a two-way valve 10
having therein a positive pressure valve 10a and a negative
pressure valve 10b. The positive pressure valve 10a 1s
attached to a diaphragm 10d which 1s pushed uvpward by an
internal pressure of the fuel tank § and which 1s pushed
downward by a spring 10c. When the internal pressure in the
fuel tank 5 has reached a positive pressure above a prede-
termined value which is dependent on the urging (or biasing)
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force of the spring 10c, the positive pressure valve 10a
opens upward. The negative pressure valve 10b 1s urged 1n
the upward closing direction by a spring 10¢ and by the
internal pressure of the fuel tank 5. When the internal
pressure of the fuel tank 5 has reached a negative pressure
exceeding (1.e., lower than) a predetermined value which is
dependent on the urging force of the spring 10¢, the negative
pressure valve 10b opens downward.

In a fuel intake passage 11 between the fuel tank 5 and the
fuel pump 6, there 1s 1nterposed a strainer 12. Further, 1n a
fuel supply passage 13 between the fuel pump 6 and the
vehicular combustion heater 1, there are interposed 1n series,
in the order from the upstream side (i.e., from the fuel tank
side) downward, a damper 14 which absorbs the pulsations
of the fuel, a solenoid valve 15, and a one-way valve 16
which prevents the reverse flow of the fuel from the vehicu-
lar combustion heater 1.

The one-way valve 16 1s opened when the 1nternal pres-
sure 1nside the fuel supply passage 13 has exceeded a
predetermined value. The set pressure for opening the one-
way valve 16 1s set to a value which 1s higher than the set
pressure for opening the positive pressure valve 10a. For
example, when the set pressure for opening the positive
pressure valve 10a 1s set to a relatively high value such as
140 mmHg 1n order to restrict the discharge of the fuel vapor
from the fuel tank 5 into the atmosphere, the set pressure for
opening the one-way valve 16 1s set to a value about 180
mmHg. The set pressure for opening the one-way valve 16
cannot be set to too high a pressure 1n order to prevent the
load on the fuel pump 6 from becoming excessive.

The solenoid valve 15 1s constituted 1n the following
manner. Namely, as shown in FIG. 2, there are contained
inside a casing 15a4: a coil 15¢ which 1s wound around a
bobbin 15b; an end yoke 15d; an inner yoke 15/ which 1s
fitted to the end yoke 15d and which has an inlet port 15¢;
and a plunger 154 which is urged forward (i.e., to the right
in FIG. 2) against the inner yoke 15f by means of a spring
15¢g. At the front end of the plunger 15/ there 1s mounted a
valve body 15k which 1s capable of seating onto a valve seat
157 on a base end of a discharge port 15 which 1s formed 1n
the casing 15a. When the coil 15¢ 1s charged with electricity,
the plunger 15/ 1s pulled toward the inner yoke 15/, whereby
the valve body 154 1s separated from the valve seat 157, with
the result that the solenoid valve 15 1s opened. The pressure
which causes the fuel to leak through the space between the
valve body 15k and the valve seat 15j when the solenoid
valve 15 1s kept closed, 1.€., a leak pressure of the solenoid
valve 15 1s set to a pressure, €.g., about 500 mmHg, which
1s higher than the set pressure for opening the one-way valve

16.

The solenoid valve 15 1s controlled by a controller 17 in
the following manner together with the fuel pump 6 and the
air motor 2. Namely, when the vehicular combustion heater
1 1s 1gnited, the air motor 2 1s driven and, at the same time,
the solenoid vale 15 1s charged with electricity to open 1it.
Thereafter, the fuel pump 6 1s driven to supply the vehicular
combustion heater 1 with the fuel. During the operation of
the vehicular combustion heater 1, the solenoid valve § i1s
always kept charged with electricity to keep 1t open.

At the time of extinguishing the vehicular combustion
heater 1, the fuel pump 6 1s stopped and, after the lapse of
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a predetermined scavenging time, the air motor 2 1s stopped.
At the same time, the electric charging to the solenoid valve
15 1s stopped 1n order to close 1t. This state 1s maintained
while the vehicular combustion heater 1 1s not 1 operation.

As described hereinabove, since the solenoid valve 15 1s
kept closed while the vehicular combustion heater 1 1s not 1n
operation, the fuel will not flow 1nto the vehicular combus-
tion heater 1 even 1f the internal pressure of the fuel tank 5
has risen to 140 mmHg, which 1s the set pressure for opening
the positive pressure valve 10a 1f the internal pressure of the
fuel supply passage 13 has exceeded 180 mmHg, which is
the set pressure for opening the one-way valve 16, due to the
syphon effect by the mnclination of the vehicle 1n a slope or
the like. The discharging of the fuel vapor from the vehicular
combustion heater 1 can thus be surely prevented.

Further, even if the solenoid valve 135 1s locked to an open
condition by the inclusion of a foreign matter into the
solenoid valve 15, the discharging of the fuel to the vehicular
combustion heater 1 can be blocked by the one-way valve 16
unless the internal pressure of the fuel supply passage 13
largely increases due to the syphon effect. A fail-safe effect
can thus be attained.

It 1s readily apparent that the above-described apparatus
for supplying a fuel to a vehicular combustion heater meets
all of the objects mentioned above and also has the advan-
tage of wide commercial utility. It should be understood that
the speciiic form of the mvention hereinabove described 1s
intended to be representative only, as certain modifications
within the scope of these teachings will be apparent to those

skilled 1n the art.

Accordingly, reference should be made to the following
claims in determining the full scope of the invention.

What 1s claimed is:

1. An apparatus for supplying a fuel to a vehicular
combustion heater which supplies the fuel from a fuel tank
via a fuel pump to said heater which 1s mounted on a vehicle,
said apparatus including a two-way valve comprising:

a positive pressure valve which opens when an internal
pressure of said fuel tank becomes a positive pressure
above a predetermined value; and

a negative pressure valve which opens when the internal
pressure of said fuel tank becomes a negative pressure
exceeding a predetermined value, said positive pressure
valve and said negative pressure valve being interposed
In a vent passage which 1s connected to said fuel tank
and which opens to the atmosphere,

wherein, in a fuel supply passage between said fuel pump
and said vehicular combustion heater, there are dis-
posed 1n series: a one-way valve which opens when the
internal pressure 1n said fuel supply passage rises to a
predetermined set pressure which 1s higher than said set
pressure for opening said positive pressure valve; and
a solenoid valve which 1s opened when said vehicular
combustion heater 1s 1n operation, and

wherein said solenoid valve 1s arranged such that a leak
pressure to cause the fuel to leak at the time when said
solenoid valve 1s kept closed 1s higher than said set
pressure for opening said one-way valve.
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